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THE LOSS-OF-FLUID TEST (LOFT) FACILITY
G. D. McPherson
U.S. Nuclear Regulatory Camtission
Washington, D.C.

Abstract
ICFT is a well instrumented scaled model of a commercial pressurized water
reactor. It is designed to study the behavior of engineered safety systems
such as emergency core cooling systems during reactor accident conditions.
This paper describes IOFT, the current nonnuclear experiment series and the
forthcaning nuclear experiments. Significant nonnuclear experimental
results are reported.
1.

INTRODUCTION

Today, nuclear power represents one of the

cladding, which contains the uranium-dioxide

world's most abundant practical energy resources.

fuel together with the radioactive fission

As with every resource, it must not be exploited

products which are produced during reactor

indiscriminantly nor carelessly.

operation.

Challenges

Next, there is a pressure boundary

must be faced, concerns addressed, and problems

of thick steel which contains the water used

solved.

to cool the fuel.

This consists of the reactor

vessel and, in the case of the more common
One of the challenges of nuclear power is to

'pressurized water reactor' (PWR), pumps, steam

ensure an acceptably high margin of safety

generators, pressurizer and accumulator tanks

against the release of significant amounts of

and connecting piping.

radioactivity frcm carmercial reactors.

containment building which forms a barrier

The

Beyond this is the

nuclear industry has developed a philosophy of

between the environment surrounding the reactor

defense-in-depth, whereby a series of barriers

and the natural environment outside the plant.

is established to prevent radioactive releases,

This containment is designed to contain radio

even in the event of the maximum credible or

active releases in the unlikely event of any

'design-basis' accident.

breach in the pressure barrier referred to above.

The primary barrier to the release of radio

The integrity of the primary zircalloy tube

activity is a tube of zircalloy, known as the

barrier is dependent on its being cooled.
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If

a large break occurs in the pressure boundary,

during a LOCA.

These data are used to verify

it is conceivable that the primary coolant will

and improve the computer codes which predict

cease to cool the fuel cladding adequately.

the course of events and the physical conditions

This event is referred to as a Loss-of-Coolant-

which develop during a postulated ICCA in a

Accident (LOCA). In anticipation that such an

commercial reactors.

accident could occur canmercial nuclear reactors
are furnished with redundant emergency core

In the following sections are described the

cooling systems (ECCS) which are designed to

LOFT facility, the planned experimental program,

inject water into the primary coolant system

the nonnuclear experiments which have been mrun

in the event of a LOCA.

to date and the status of preparations for

This water is intended

nuclear testing.

to cool the fuel cladding sufficiently such
that its integrity is maintained.

2. THE FACILITY
The Loss-of-Fluid-Test facility (MET) was

Figures la and lb are simple schematics of the

designed to study the behavior of the ECCS's

primacy coolant systems of LOFT and a large

employed in today's commercial reactors.

four-loop PWR (LPWR) , respectively, each with

It

is a pressurized water reactor located at the

a pipe break shown in one of the primary coolant

Idaho National Engineering Laboratory, 50 miles

loops.

northwest of Idaho Falls, Idaho.

are represented by the operating loop in IDFT

It is owned

The three unbroken loops of the LEWR

by the U.S. Energy Research and Development

while the loop with the postulated break is

Administration, and operated by EG&G for the

represented by the blowdown loop in IOET. As

U.S. Nuclear Regulatory Commission.

shown, LOFT contains all the essential components

Unlike

of the LPWR.

canmercial FWR's, it is a highly instrumented
reactor systan designed to permit the repeated
simulation of LOCA's and it is furnished with

The first core designed for the IOET reactor

a flexible ECCS which can be controlled to

vessel is 5.5 feet long and 2 feet in diameter

provide a variety of ECC flows and injection

(one-seventieth the volume of an LPWR core). It

locations, thus permitting the study of a

contains 1300 fuel pins, compared to approxi

variety of ECCS designs.

mately 40,000 in an LPWR.

(A detailed description

of the systan design is given in Reference (1).)
LOET is the only complete reactor system
dedicated to this type of experiment.

The primary coolant system volume-to-core-power

As

such it is unique in its value to reactor

ratios in IOFT and LPWR are similar.

safety research.

more, the subvolumes, e.g., inlet plenum, core

However, with a core only

Further

one-fifth the linear dimensions of a canmercial

region, outlet plenum, outlet piping, steam

core, it cannot be considered a demonstration

generator and inlet piping are designed to have

plant.

relative volumes similar to an LPWR.

Instead, it is designed to provide

(A detailed

description of the scaling basis is given in

data relevant to the events which vrould occur

Reference (2).)
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The blowdown loop includes orifices to simulate

Fluid pressure, temperature, velocity and

various break sizes, and contains a steam

density are measured at key locations in the

generator simulator and pump simulator to model

primary coolant and emergency core coolant

the effects of these components.

systems. Water inventory in the reactor vessel

The capability

exists to simulate either hot leg (reactor

is accurately monitored by a system of liquid

vessel outlet piping) or cold leg (inlet piping)

level probes. Within the core, fixed and
Figure 2 shows the primary coolant system traversing nuclear detectors will determine
configured for a 'double-ended' cold leg break.
the core nuclear response and neutron flux

breaks.

(By double-ended, it is meant that an offset

shapes, while at 196 locations, thermocouples

occurs between the two ends of the broken pipe

will determine the thermal response of the

in such a way that coolant flows unimpeded from

cladding.

both sides of the break.)

Quick opening valves

in the blowdown loop can be opened in from 10

A cross-section of the reactor vessel illustrating

to 50 milliseconds to simulate the initiation

the reactor internals and instrumentation is shewn

of the break.

in Figure 3.

The escaping coolant is then

collected in a suppression tank which can model
the various LPWR containment backpressure

3.

transients.

THE NONNUCLEAR EXPERIMENTS

While preparations are proceeding for the
installation of the nuclear core, a series of

The ECCS models those systems in an LPWR which

nonnuclear tests is being conducted.

inject into the cold legs with additional

is represented by a device which simulates the

capability for the hot legs, and upper and

core resistance to coolant flow. A description

lower plenum injection.

of the series follows.

The emergency coolant

The core

is supplied by either of two high pressure
injection pumps, by either of two pressurized

3.1 THE NONNUCLEAR EXPERIMENT SERIES

accumulators, and by either of two low pressure

This series includes the five experiments shown

injection pumps.

in Table 1, of which the first three have now

In each case the delivery

rates are adjustable over wide ranges.

been run.

The series was designed to obtain

operational experience required before proceeding
In view of the various features described above

to nuclear operation and to provide baseline

and the flexibility of experimental conditions,

experimental data helpful to the interpretation

the behavior of the LOFT system during a LOCA

of idle more complex nuclear experiments.

is comparable with that of the LPWR in the
sense that the flow and pressure transients are

In every case the primary coolant is pressurized

similar, the same physical phenomena take place

and heated to 540F - the approximate inlet

in the same sequence, and the thermal responses

temperature for nuclear operation. Thus, the

of the cores are similar.

major differences between the nonnuclear and
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the nuclear series are that in the latter, there

The final nonnuclear experiment, Ll-5 will be

is a temperature rise in the coolant as it flows

done with the nuclear core installed, but the core

through the core, a higher coolant temperature

will not be generating power.

in the region between the core and steam

the zero-power baseline result for comparison

generator and the core represents a significant

with the subsequent nuclear powered experiments.

heat source.

This wall provide

These differences all contribute

energy to the coolant which affects the course

Before describing the results from the three

of the depressurization period and introduces

experiments run to date, it is important to

a subsequent period known as reflood, in which

understand the phenomena involved in the delivery

the ECCS must flood the core and keep it cool.

of emergency coolant from the cold leg injection
point to the core.

The first nonnuclear experiment, Ll-1 was a
hot leg break.

In this case the flow does not

3.2 THE DELIVERY OF EMERGENCY COOLANT TO THE CORE

reverse, but continues flowing up through the

The primary coolant normally enters the reactor

reactor vessel and out the break in the blowdown

vessel at the top of an annular region surrounding

loop, to the suppression tank. For this

the core, referred to as the downccmer (see

reason, and for the reason that it was only a

Fig. la). It flews down the dcwnccmer, reverses

50% full break initiated at an intermediate

direction in the lower plenum and rises up through

pressure, the hydraulic forces on the system

the core where it is heated.

were intermediate, and provided a check that

conditions, the coolant wrould then carry the heat

the system was structurally adequate to with

from the upper plenum of the reactor vessel,

stand the most severe loads.

through the hot legs to the steam generators.

Under operating

Here it wrould give up heat before passing on to
The second experiment, Li-2, was a full sized

the coolant pumps to be returned through the cold

cold leg break from full system pressure,

legs to the reactor vessel.

subjecting the system to the most severe
anticipated hydraulic loads. The third experi

In the case of a cold leg break, primary coolant

ment differed in ECC injection location;

flows out the break, the system depressurizes,

combined wdth Ll-2 and Ll-4 results this will

and ECC injection into the cold legs is auto

provide important information on the separate

matically initiated. During depressurization,

phenomena which tends to impede the egress of

there are one or more periods of core flow

ECC from the cold leg injection point to the

reversal during which primary coolant flows up

core region (discussed in 3.2). The fourth

the downccmer and tends to impede the downward

experiment, Ll-4 will be the first corplete

delivery of emergency coolant. Furthermore,

simulation of the design-basis LOCA in the

this reversed flow tends to sweep out water from

nonnuclear mode.

the lower plenum and carry both this water and

It is a full sized cold leg

break at LPWR design conditions and wall serve

the emergency coolant out the break.

to complete our understanding of ECC delivery
and the entire blowdown transient.
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On entering the downccmer, seme of the ECC may

3.3 RESULTS OF THE FIRST THREE EXPERIMENTS

either be swept out the break as described

3.3.1 General

above, or it may fall down the downccmer which

The most important single question addressed by

has very hot metal walls.

Here, the water

the LOFT experiments is, 'How well does the

tends to boil and the resultant vapor may further

measured behavior agree with the behavior

impede delivery to the lower plenum.

predicted by best-estimate computer codes?' -

This

phenomenon is known as the hot wall delay.

codes which were developed from separate effects
experiments and smaller scale system experiments,

Once depressurization is complete, the sweep-

with the object of predicting the LOCA behavior

out effect ceases while EOC delivery continues,

of LPWR's.

with the hot wall delay as the only remaining

trated in Fig. 4 which shows the pressure

retarding factor.

transient in the operating loop hot leg for Ll-1.

Depending on how empty the

The answer to this question is illus

lower plenum is and how rapidly the ECC is

While same predictions'do not agree as closely

delivered, water eventually rises to the bottom

as these, the agreement is generally considered

of the core which is steadily heating up.

to be very good.

(Although it is no longer generating nuclear
power the fuel contains stored energy and it

Next, we must provide confidence in the scaling

continues to be heated by the decay of radio

procedures used in relating LOFT and an LPWR.

active fission products.)

The same scaling procedures were used in the
design of a smaller experimental facility known

As the water level rises in the core, a violent

as Semiscale.

boiling process begins, which leads to a flow

LOFT in which the core is simulated by electrical

of water and steam upwards through the core.

heaters.

This facility is a scale model of

It is one-thirtieth the volume of IOFT.

This flow reduces the rise in fuel cladding
temperature and soon after, the liquid level

Each experiment to be run in LOFT is previously

rises to flood the core.

run in Semiscale.

From this point on,

Therefore, a comparison of

only a small flow of ECC is needed to cool the

the experimental results from the two facilities

core and maintain the fuel cladding integrity.

should demonstrate hew well the scaling procedures
have succeeded.

Figure 5 is a comparison of the

The nonnuclear experiments involve those

transient mass flows in the operating loop cold

phenomena which occur during depressurization

leg for duplicate experiments done in Semiscale

and the initiation of ECC delivery.

and LOFT.

The nuclear

experiments will include the addition phenomena
associated with the reflood of the core.

These results are typical and provide

strong confidence in the scaling procedures.

Same

of the important results from the first three

The LOFT prediction is included in this figure

nonnuclear experiments are described below.

and supports the earlier conclusion that agree
ment with the measurements is good.
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We shall now consider significant results frcm

3.3.3 The Ll-2 Experiment

each experiment.

As noted in Table 1, Ll-2 was run with delayed
ECC injection.

This permitted a measurement of

3.3.2 The Ll-1 Experiment

the hot wall delay discussed in 3.2.1 without

The most immediate and elating result was the

the confounding influence of reversed primary

demonstration that a LOCA experiment could be

coolant flow up the downccmer.

run as planned.

conclusions were:

The important conclusions

The important

- The hot-wall delay is much shorter than

were:
- Measurement of the hydraulic loads showed

predicted.

that we could proceed to the most severe

- Sweep-out of water from the lower plenum

experiments without fear of structural

for a full-sized break was less than

damage to the facility.

predicted,

- The bypass of EOC water around the top of

(see Fig. 7)

- Loads in the suppression tank were much lower

the downccmer and out the broken loop was

than predicted.

less than predicted.

results for BWR safety calculations.

This may have beneficial

- The sweep-out of water from the lower plenum
was lower than predicted.

3.3.4 The Ll-3 Experiment
Due to an administrative error the first attempt

The last two conclusions can be drawn by analy

at this experiment was not entirely successful.

zing Fig. 6 which is a composite of liquid

It was, therefore, re-run successfully as L1-3A.

level measurements taken in the downccmer and

The results included data for comparison with

lower plenum. Notice that after the downccmer

Ll-2 and Ll-4 to separate the effects which impede

empties at 10 seconds, the lower plenum

EOC delivery.

inventory remains essentially constant until

- No sweep-out of ECC water injected into

the emergency coolant begins to arrive at 40 sec
onds.

Afterwards, an analysis of the inventory

Important conclusions are:

lower plenum.
- Excellent repeatability of behavior during

build-up leads to an estimate of the ECC bypass.

transients initiated at the same conditions,
(see Fig. 8)

The significance of the last two conclusions
is that for a hot leg break, the prediction is

3.3.5 The Remaining Nonnuclear Experiments

conservative as to the amount of water remaining

Since the core must be installed between Ll-4

in the reactor vessel at the end of blowdown.

and Ll-5 most nuclear systems must be operational

This means that reflood would actually begin

prior to Ll-4 so that they may be tested under

earlier than predicted by this code.

LOCA conditions.

Detailed

Once Ll-4 is done, the core

results of Ll-1 and Ll-2 are reported in

must be loaded and a series of criticality tests

Reference (3).

done. After Ll-5 the core must be requalified
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to assure that no structural damage has been

Since the focus of LOFT experiments is on

caused to compromise the nuclear experiments.

thermal-hydraulic behavior, the first core does

This means that the criticality tests must be

not contain pressurized fuel, lest it balloon

repeated and the central fuel assembly removed

during the high temperature transients and

for visual inspection.

confound the results.

However, a fifth experiment

in this series is planned in which same of the
Once the core is back in place a series of

fuel rods will be pressurized.

power range tests will be done, culminating in

at the same power as the fourth experiment and

This will be run

a full power demonstration run. At this point,

serve to determine whether or not future experi

towards the end of 1978, LOFT will be ready for

ments should include pressurized fuel.

nuclear experiments.
4.2
4.

THE NUCLEAR EXPERIMENT PLAN

Subsequent Nuclear Experiments

Many other interesting areas of safety research

4.1 The First Nuclear Series

are under consideration for LOFT.

The goal of this series is a full sized cold

with smaller break sizes, other break locations,

leg break while the core power density is equal

alternative ECC injection points and advanced

to the maximum allowable value in today's LPWR's.

ECC systems are most likely to follow the first

In preparation, three experiments will be run at

series.

lower powers.

Experiments

Since this will not be completed until

the end of 1979, however, any decision is subject
to the exigencies of current reactor safety

The power for the first of these three experi

problems and new questions evolving in the

ments will be selected to result in a few

licensing arena.

temperature spikes on the fuel cladding.

For

the second, the power will be higher and cause

5. SUMMARY

a short period of 'film boiling' on the fuel.

IOFT is uniquely suited to its task of performing

The highest cladding temperatures will .be in

M C A and other reactor safety experiments. It>

the neighborhood of 900-1000F.

date three nonnuclear experiments have been

The maximum

power density for the third experiment will be

successfully run.

about equal to that at which LPWR's now operate.

well with predictions and through comparison with

In this case the highest cladding temperatures

Samiscale results, provide strong confidence in

will be around 1500F and may remain there for a

the scaling procedures used.

few tens of seconds.

results have provided confirmation of our under

Between each experiment

Generally the results agree

In particular the

the state of the core integrity will be deter

standing of the depressurization and ECC injection

mined by measurement and inspection.

phases of the LOCA.

It may

Furthermore, they have

be necessary to replace fuel, especially prior

demonstrated conservatisms in the best-estimate

to the final experiment.

codes developed to predict the behavior of LPWR's.
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TABLE 1 - LOFT NONNUCLEAR EXPERIMENT SERIES Li
Break
Opening
Time

Break
Size

Break
Type

Ll-1

1/2 Full
Break Area

Hot
Leg

17.5 msec

Cold
Leg

93

Ll-2

Full Break
Area

Cold
Leg

17.5 msec

Cold
Leg
(Delayed)

155

Li-3

Full Break
Area

Cold
Leg

17.5 msec

Lower
Plenum

155

Ll-4

Full Break
Area

Cold
Leg

17.5 msec

Cold
Leg

155

Ll-5*

Full Break
Area

Cold
Leg

17.5 msec

Cold
Leg

155

*With Nuclear Core
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ECC
Injection

System
Pressure
(Bar)

Experiment
Designation
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Notes:
These schematics are not intended to
illustrate scale. LOFT is about 1/40
the volume of the LPWR.
Heat loss from the primary
loop fluid to the secondary
loop fluid.

Steam generator
simulator

Secondary
Loop Fluid

6 u ic k opening / to siipression
blowdown valves! tank\Lower P lenum j____________
N
Blowdown Loop
Operating loop
Heat addition to the Simulates Broken Loop
simulates 3
i
__ - .. . ,
unbroken loops Accumulator , UI

Pump

ECC Injection
(a) Schematic of LOFT experimental system.

Fig. 3: Cross section o f LOFT reactor vessel.

Fig. 1: Schematic of LOFT and LPWR Primary coolant systems.

BROKEN

Fig. 2: LOFT Primary coolant system configuration for double
ended cold leg break.
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Fig. 4: Measured and predicted pressure in the operating loop
hot leg, L l-1 .
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